Teaching of pathophysiology concepts is a core feature in health professional programs, but it can 25 be challenging in undergraduate medical/biomedical science education, which is often highly 26 theoretical when delivered by lectures, and pen and paper tutorials. Authentic case studies allow 27 students to apply their theoretical knowledge, but still require good imagination on the part of the 28 students. Lecture content can be reinforced through practical learning experiences in clinical 29 environments. In this paper, we report a new approach using clinical simulation within a human 30 pathophysiology course to enable the undergraduate science students to see 'pathophysiology in 31 action' in a clinical setting. Students role-played health professionals and in these roles they were 32 able to interact with each other and the manikin 'patient', take a medical history; and perform a 33 physical examination and consider relevant treatments. Evaluation of students' experiences suggests 34 that using clinical simulation to deliver case studies is more effective than the traditional paper-35 based case studies by encouraging active learning and improving the understanding of physiological 36 concepts. 37 38
Introduction 40
The teaching of pathophysiology, i.e. the abnormal physiology of disease states, is a core feature in 41 health professional programs. While content can be efficiently taught by lectures, it is generally 42 accepted that a deep approach to learning necessitates embedding content knowledge into case 43 studies (1). Such case studies are built around an authentic scenario, ideally prepared in consultation 44 with practicing clinicians and educators to ensure contemporary practices are embedded into the 45 case material. However, when taught in the classroom, the success of these case studies with regard 46 to promoting a deeper approach to learning is in part reliant upon the student's capacity to 47 successfully engage with the material and create a mental image of the clinical situation. This is 48 very challenging for undergraduate science students who may have limited clinical experience with, 49 or observation of, actual patients. 50
51
In the training of health professionals the opportunity to see 'pathophysiology in action' is provided 52 by clinical practicum. The burgeoning demand for clinical placements (11) and considerations of 53 patient and student safety have been drivers to supplement authentic clinical experience with 54 simulations of varying fidelity (6). High fidelity manikins have undergone significant advances in 55 recent years. These highly technical manikins can be programmed to reflect physiological signs, 56 such as heart sounds, breath sounds, pulses, blood pressure, oxygen saturation; and to respond to 57 procedures performed by the students (4, 8, 10) . Immediate feedback, in the form of verbal 58 responses via the manikins to student interventions and offering learning experiences within 59 representative clinical settings are additional, unique features of simulations. Thus, there is a strong 60 argument for the use of simulations in teaching pathophysiology to undergraduate science students. 61 62 While use of simulation in medical and nurse education has been reported previously (3, 6, 10, 13) , 63 there have been no reports of its use to train medical/biomedical scientists. In this paper we report 64 on the development and incorporation of two simulation scenarios into a second year medical 65 science subject (Human Pathophysiology) at a large metropolitan university in an attempt to 66 promote a greater understanding of the underlying pathophysiology as well as provide a means to 67 assessment skills on each other and on lower fidelity manikins, and the other half (n=10) engaging 110 in a facilitated simulation scenario with a high-fidelity manikin. Due to their non-health 111 professional major, there were always a couple of students in each group who only wanted to 112 observe the other students performing examinations on the manikin, but who could still benefit 113 from vicarious learning in seeing the disease state or process 'come alive' through the simulation 114 scenario. Scheduling smaller group experiences was a deliberate strategy to increase the 115 engagement and interaction of students within the simulation experience. Due to the large overall 116 student numbers, sessions were repeated 11 times over the day (see Table 1 ). 117
118
At the commencement of the simulation scenario, the demonstrator (science laboratory tutor) read 119 out the patient history, clinical symptoms and vital signs as given in the practical manual. Students 120 were then given the opportunity to interact with the manikin in order to elicit a more detailed patient 121 history. In order to have real-time conversations with the students and increase the fidelity of the 122 experience the voice of the manikin was provided by an academic staff member or a specially-123 trained nursing student. This element of the learning experience facilitated two-way conversations 124 between the 'patient' and students to encourage the engagement of every student. Next a physical 125 examination (including blood pressure, heart and lung sounds, and radial pulse) of the manikin was 126 performed. Subsequently the students worked together to come up with suggestions regarding 127 additional tests which could be undertaken, a provisional diagnosis and treatment strategies. The 128 students then implemented some simple treatments. The session ended with the students being 129 asked by the demonstrator additional questions related to a differential diagnosis during a 130 preliminary debriefing. A more comprehensive debrief session was carried out in the following 131 week when, following a period of reflection, students could discuss questions or concerns arising 132 from the simulation experience with the demonstrators and review the preparatory patient case 133 questions. 134
135
In talking with the manikin, taking a medical history, performing a physical examination and patient 136 treatments, students were role-playing health professionals and in these roles they were taught how 137 to read the patient monitors and interpret vital signs. Guidance was provided throughout the 138 simulation scenario by the demonstrators and through responses via the manikin. 139
140

Study Design and Materials 141
At the end of the second simulation class, students were asked to participate in an anonymous 142 questionnaire about their experiences with this renewed approach to learning. Student feedback wasevaluate this innovation as there was a lack of suitable tools in the published literature specific to 145 this context. The questionnaire consisted of 12 statements and students were asked to rank each 146 statement on a five-point Likert scale from Strongly Disagree to Strongly Agree. The statements 147 addressed whether students felt the simulation experience had benefitted their learning. Some 148 qualitative data were also collected. Specifically, open-ended questions were included that allowed 149 students to comment on how they felt the simulation experience had contributed to their learning in 150 comparison to a paper based study. Additional measures of the impact of the simulation on learning 151
were sourced from students' aggregated subject grades (marks). The student survey was anonymous 152 and voluntary, hence the evaluation was judged to be of negligible risk to the survey participants. 153
This study is an approved activity within a peer- High flow oxygen is immediately delivered by face mask. ' 195 196 Within this scenario students engaged in using an electrocardiograph to diagnose a myocardial 197 infarction and assessed and interviewed the 'patient' to determine relevant signs and symptoms. 198
In addition to the physical parameters students engaged in dialogue with the 'patient' to 199 determine the severity of the pain and reactions to immediate treatment strategies (anginine, 200 oxygen and morphine). Appreciation of the timeliness in relieving chest pain to minimise 201 damage to the heart was a key learning outcome for students that was intended to be made more 202 overt through the simulation experience. informed immediately and arranged a taxi to take him to the hospital. Sam told the triage nurse that 210 he felt uncomfortable in the stomach (mild blunt pain) before lunch. He thought that it was only 211 because he was hungry. He has been having this problem for a while, which was always relieved by 212 food. He only had some water since he arrived at the Emergency Department and vomited a couple8 of times since admission. He had no significant health problems in the past. The triage nurse did a 214 quick abdominal examination on him, suggesting no abdominal muscle guarding, but pain in the 215 middle upper abdominal area. The nurse passed the information to you when you took over caring 216 for Sam. You observed that Sam is a tall and thin young guy, who is in a supine position in bed. He 217 is very pale and looks anxious due to the abdominal pain. He could answer some questions, but 218 does not look focused. You could see the vomitus in the container next to his bed.' 219 220 A bowl on the bedside table contained moulaged coffee ground vomit which accurately depicted the 221 vomit visually and by odour. This enabled students to chemically test for the presence of traces of 222 blood. To make Sam's case more engaging, we programmed physiological changes in the manikin 223 that represented a significant amount of active blood loss due to increased internal bleeding, where 224 blood pressure drops and heart and respiratory rates increased accordingly. The students were 225 required to recognize this sudden life-threating deterioration and provide emergency treatment 226 strategies that could save the patient's life. Once treatments were implemented the students were 227 able to visualize improvements in Sam's vital signs (blood pressure, heart and respiratory rates). 228
229
Staff Training 230
Before each practical class, members of the research team ran workshops for all the demonstrators. 231
During the workshops the demonstrators were briefed on simulation learning objectives, and were 232
given the opportunity to pre-run the scenarios. The learning objectives included: (a) to understand 233 the physiological regulation of heart rate, blood pressure and breathing rate, (b) to identify the 234 cause, developmental process and consequences of the presenting disease, (c) to recognize the 235 classical symptoms of the emergency situation within the case context, (d) to perform the essential 236 examinations to diagnose the specific disease, (e) to gain knowledge of the principles underlying the 237 medical treatment for this emergency, and (f) to master the skills to perform blood pressure, pulse, 238
and ECG measurements on each other. 239
240
From 2012, second and third year undergraduate nursing students who had prerequisite level of 241 medical knowledge and clinical experience were employed to be the voice of the 'patients'. 242
Mentored by a team member, nursing students communicated with the science students via the 243 manikins from a control room (with one-way glass). These 'patients' engaged the science students 244 in conversations and through their advanced nursing and medical knowledge, were able to relate to 245 the case and quickly prompt the participants as required. Questions from the 'patients' were pre-246 determined but personalized according to the personality of the individual role-player. Impromptu
Data analysis 250
Each questionnaire response was tallied to determine the extent to which the science students 251 agreed or disagreed with each statement in each year group. This number was converted into a 252 percentage of the total number of students in the year group to allow for comparison between year 253 groups. The consensus of each statement was compared between the three cohorts from each year to 254 determine consistencies and trends over time. Free text comments were analyzed using a 255 qualitative, thematic approach. 256
257
Results 258
Student feedback on learning experience 259
The results of the evaluation are represented in Table 3 . The response rates for each year were 53.2% 260 in 2011, 89.8% in 2012, and 76.1% in 2013. Among the different student cohorts there was 261 overwhelming support for the simulations as a means of achieving a better understanding of the 262 pathophysiology taught in the lectures. Students felt that the simulations were easy to undertake and 263 they welcomed a greater use of technology in the course. They also strongly expressed that the 264 simulation provided them with an experience akin to working as a health professional. One 265 unexpected result was that across the years of the study the cohorts were fairly evenly divided 266 regarding their concern for the 'patient' (cf the responses over the three years for question 8). 267
268
Free text responses from students were mostly positive and constructive. Of the students who 269 provided comments, which was less than 40%, responses ranged from a few words to complete 270 sentences (24 in 2011, 48 in 2012, and 51 in 2013) . The nature of these comments differed between 271 years, however words and phrases including 'helpful', 'enjoyable', 'helped them to understand the 272 concepts' and good 'experience' were common. Another common theme among student comments 273 related to a sense that the simulations enhanced their learning by embedding the teaching in an 274 authentic setting, 275
• It makes the process of learning more interesting and engaging, really does capture a "real-life 276
experience" as in a hospital setting. 277
• It demonstrated how theoretical knowledge is applied in a hospital setting. 278
• I think they help by putting you in a real situation with patients. It's very interesting since you 279 usually don't get the opportunity to work with manikins, and it is very exciting. I'd rather more 280 simulation classes than theoretical classes. 281 • I find it easier to learn/retain information from practical sessions. Definitely makes it more fun. 282
Provision of lectures and pre-laboratory questions followed by the simulation session was judged to 283 represent a flipped learning approach which was recognised by students. 284
• It was really good to be able to apply knowledge instead of just remembering as assortment of 285
facts. I can remember things like normal heart rate, blood pressure, etc, off by heart now. 286
• Was really beneficial to apply the knowledge I had gained in lectures to physical/practical 287
experience. 288
In addition to application of discipline knowledge, it was thought that the simulations would also 289 contribute to development of communication skills both between students as well as with the 290 'patient'. Notable comments from the students in relation to this aspect included: 291
• We learnt how to interact with a patient and how to obtain patient history by asking the patient 292
questions. 293 • What texts are important when a patient is brought into a hospital? [The simulation offers] an 294 idea of what questions to ask a patient. And the symptoms that are vital for a diagnosis 295
Students also commented on the positive support provided by the demonstrators: 296 This paper reports on the experiences and success of using simulation in motivating and 327 encouraging science students to learn about human diseases. This has not been previously reported 328 in the literature. 329
330
Simulation as a training strategy has been used within health, aviation and military contexts for 331 decades. Adoption of more simulation activities within healthcare has been influenced by advances 332 in the technological capabilities of manikins and driven by patient safety agendas (4, 9, 12, 13) . 333
When planned and delivered appropriately, participant engagement, learning and reflection on 334 practice is heightened more so than traditional learning formats. At a minimum, the contextual 335 nature of a scenario experienced within life-like settings allows participants to act out what they 336 know and learn from errors without consequences to the 'patient', in essence enabling experiential 337 learning within a community of practice (9). Benefits for future practice include: learning how to 338 work in teams, awareness of effective communication strategies and appreciating the holism of 339 practice (9, 11). 340
341
The successful use and incorporation of a range of simulation strategies within the training of health 342 professions encouraged us to examine how the patient cases used to teach pathophysiology to 343
Science students could 'come alive' in the simulation labs. Students prepared for the session 344 through lecture and online content, and then in groups stepped through the patient cases guided by 345 the science-trained demonstrators and by interacting with the 'patient'. These sessions were 346 delivered within the Faculty of Health simulation laboratories which are modelled on hospital wards 347 and so students could appreciate the hospital environment and patient experience within the 348 scenario. In communicating with the 'patient', students were able to respond verbally and through 349 touch, additionally appreciating the 'patient's' experience of being ill in hospital. Before this 350 approach, students were traditionally trained to identify pathological conditions by reading through 351 printed text in a manual, thus relying heavily on their imagination, which is difficult for someone 352 who has never dealt with a patient in the context of a health professional. It was felt that the latter 353 approach favoured a surface approach to learning by students simply memorising the information 354 without adequate context. 355
Simulations are problem-based tools thought to encourage students to learn through responding to 357 immediate situations, providing a practical alternative to paper-based case studies. This PBL 358 approach is believed to increase students' knowledge efficiently and to assist in developing 359 problem-solving skills (2, 5, 14) . The increasing sophistication of the manikins enables students to 360 perform all manner of clinical procedures. Through practicing physiological assessment (taking 361 pulses, blood pressure) on each other or the manikins, students assumed health professional roles. 362
Bedside monitors, oxygen masks, intravenous fluids and additional moulage e.g. 'coffee ground 363 vomit' contributed to the authenticity of the patient scenarios. During the simulation scenario, 364
representing the stomach bleed with the 'patient' feeling dizzy and sick, appropriate vocalisations 365 and sounds were emitted from the manikin and students responded by frantically offering a vomit 366 bag. 367
368
In students having more than one simulation session, there was more opportunity to reinforce the 369 importance of so called 'soft skills' such as: leadership, teamwork, professional skills, problem 370 solving and decision making, and caring for people in vulnerable situations. In the first simulation 371 class, the demonstrators played a critical role in the briefing process and orientation to the 372 environment, and facilitating a change in approach to learning. Rather than students passively being 373 questioned by the demonstrators, the shift in expectation was to active inquiry and physical 374 examinations on the patients to obtain useful information relevant to the situation at hand. As such, 375 at the commencement of the second simulation class, demonstrators only gave a brief introduction 376 of the 'patient' and reasons for coming to hospital. One student in each group took over the 377 leadership role to perform further verbal enquiry and led discussions with the other team members. 378
Active discussion undertaken in response to a clinical problem between the students facilitated by 379 the demonstrators encouraged critical thinking for problem solving (7). This contrasted with the 380 predominant didactic delivery of conventional lectures which only allows limited interaction 381 between the teacher and students, while any opportunity for group discussions is equally difficult 382 (2). Thus a PBL approach within simulation practical classes focuses learning through hands on 383 application, connecting students' theoretical knowledge with opportunities to develop contextually 384 relevant problem solving skills (2, 14) . 385 386 Such learning experiences can also promote a better understanding of the knowledge behind the 387 case study, which is reflected by the significant shift in students' mark distributions from a 388 predominance of pass grades towards distinction and high distinction grades. There is likely some 389 influence on these changes due to implementing the simulation strategies, that is using an authentic 390 setting where students were able to apply existing knowledge in 'real life' situations. Note thatparticipants were all undergraduate Science students who in general were less likely to be motivated 392 to learn medical knowledge compared with medical students. Therefore, we believe that simulation 393 is an effective approach in motivating Science students to learn the different concepts of human 394
diseases. 395 396
This novel approach also induced a significant role change for the demonstrators to one facilitating 397 learning as students took on more active roles, with the demonstrators only giving advice or 398 direction as required. Coaching and modelling were techniques used by the simulation team to 399 assist demonstrators to deliver enquiry-based and experiential learning modes within the 400 simulations rather than didactic approaches. Refreshers on these techniques have been provided 401 each year to ensure an equitable student experience across classes. 402 403 Problem-based learning (PBL) is typified as a time-efficient and, thus, more effective educational 404 model (7). However, the introduction of a PBL-style simulation with a 'patient' is not without its 405 difficulties. For example teaching PBL to large groups of students (more than 100) is constrained by 406 timetables and availability of laboratory spaces (14). Also PBL is resource-intensive in terms of 407 staff and time spent teaching (2). In the case of the current approach there is the additional demand 408 for access to high fidelity manikins to make the experience as authentic as possible. Training 409 sessions provided to the demonstrators, as well as to academic staff/nursing students who played the 410 manikin voice, prior to the class were also essential. In the face of these challenges we have 411 successfully engaged over 200 students in simulation sessions in one day. This suggests simulation 412 is scalable and able to be implemented in the study of the physiology of disease despite challenges 413 in rigid timetabling, and resources to maximise student interaction. However, it is still worth noting 414 that a gap exists between the reality and the simulation laboratory experience regardless of how 415 authentic it is. This is reflected by Question 8 'what if the 'patient' deteriorates due to wrong 416 medical decision', where only half of the students had a sense of responsibility to keep their patient 417 'alive'. 418
419
Limitations 420
The use of questionnaires in this study provided a practical methodological tool for collecting a 421 large sample of data. The principal limitation is that they represent a snap-shot of the student 422 experience and rely heavily upon the quality of responses and researchers' interpretations. Inclusion 423 of Likert-style questions does however provide some level of objectivity. Another limitation is that 424 these survey questions were self-reported evaluations of student learning which offer insights butimprovement in grades were seen following the introduction of this intervention, specific causations 427 could not be attributed to the simulation approach as other aspects of learning contribute to overall 428 results. These potential limitations of measuring 'impact' are the focus of healthcare simulation 429 groups globally; further, some elements of learning and practice are difficult to quantify and need to 430 be illuminated through qualitative or mixed methods approaches. 431
432
Future directions 433
This initiative, to offer an authentic learning environment to improve the understanding of 434 pathophysiological concepts by applying it in real-life scenarios, is now incorporated into ongoing 435 curricula in Human Pathophysiology education. An authentic assessment to examine 'soft skill' 436 sets, such as group collaboration, communication and decision making will be ideal to provide 437 further evidence on such learning outcomes. 438
439
In conclusion, we found that using interactive learning approaches (e.g., role playing, flipped 440 learning, enquiry based learning) led to an enhanced student experience of learning 441 pathophysiology when compared to that of a paper-based teaching strategy. With the resources 442 available and strategic planning and management, we were able to deliver this teaching approach 443 consistently to a large size class over several years. 
